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ABSTRACT  
 Efforts to restore Bahia Grande, a 2630 hectare, historically sea grass dominated 
playa lake, are currently underway and describing its current ecological status is critical 
to recommending any future physical manipulations to the immense basin. A benthic 
community based study was conducted on three estuaries in Cameron County, Texas 
(2012 to 2013) in order to compare the polychaete community dynamics and ecosystem 
productivity rates of the restored basin to that of two older adjacent reference sites (i.e. 
South Bay and San Martin Lake) in an effort to gauge system status.   All three sites were 
once contiguous with the Lower Laguna Madre and remain in close proximity yet differ 
in degree of anthropogenic disturbances and biological and physical environments. 
Benthic core sediment samples and water quality parameters were retrieved quarterly 
along with monthly aquatic and ambient temperature and oxygen data.  Additionally, data 
loggers were deployed at each site two weeks per month for one year.  Net Ecosystem 
Metabolism (NEM) rates were determined by generating diel oxygen curves adjusted for 
wind-diffusion. PERMANOVA analysis of abundance data revealed significant 
difference by site, quarter, and by an interaction between site and quarter. Further 
investigation of assemblages using SIMPER revealed different species were driving the 
site dissimilarities.  Physical differences between the systems were largely due to varying 
levels of salinity and dissolved oxygen as exhibited by PCA ordination.  PERMDISP 
revealed that Bahia Grande undergoes higher temporal variability than the reference sites, 
which is considered to be an indication of instability.  Bahia Grande appears to be 
trending similarly in terms of ecosystem metabolism however, the basin is functioning 
differently in terms of production and respiration.  Bahia Grande currently hosts a 
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community that is temporally variable and highly dominant with low diversity, and low 
productivity.  Recommendations supporting future manipulations to increase tidal flow 
and freshwater input, thus lowering hydraulic residence time and potentially increasing 
recruitment are strongly suggested based on the findings of this study. 
 
Keywords: Bahia Grande, wetland restoration, community metabolism, macrobenthos 
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I. Introduction 
 
 The Bahia Grande wetland unit includes a series of basins (playa lakes) that 
historically functioned as shallow estuaries along the southernmost Texas Coast totaling 
approximately 88,070 sq km (Hicks et al. 2010).  Following seven decades of hydrologic 
isolation due to deposition of dredge spoils in the 1930’s, the Bahia Grande was 
reconnected to Gulf of Mexico tidal waters in 2005 via a 4.5 m wide pilot channel 
extending from the Brownsville Ship Channel (Hicks et al. 2010).  Considering the 
monies spent to restore Bahia Grande, it is imperative to gauge its rehabilitation status 
and evaluate whether current and future physical manipulations (e.g., channel dredging 
and widening, increasing freshwater inflow) are achieving restoration goals.  
 
 Characterizing coastal wetland status is a relatively new concept (D’Avanzo et al. 
1996; McKenna 2003), and has not been widely applied to the uniquely diverse and 
understudied estuaries of southernmost Texas (Odum and Hoskin 1958; Tunnell and Judd 
2002; Caffrey 2004; Hamilton et al. 2011). Restoration success can be marked as the state 
in which the site being restored resembles the determined end-point, which is typically 
less perturbed.  Rehabilitative assessments are routinely accomplished by comparing 
structural (e.g., species diversity, richness, abundance), and/or functional components 
(e.g., production rates, biological traits) of disturbed areas to reference areas (Fairweather 
1999). In general, as a site recovers species richness and diversity should increase and 
density would decrease (Warwick and Clarke 1993).  Thus investigating changes in the 
structure and function of the community would assist in restoration status assessment. 
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 Sampling macrobenthic organisms has been commonly employed as a tool for 
assessing ecosystem status because of their limited mobility, intimate association with the 
local environment, basal trophic level status, and abundance (Bortone 2005; Dean 2008).  
Sampling the entire macrobenthic community may prove cumbersome, so often 
investigators may choose to rely on single taxa as a surrogate. Relatively sessile and 
sensitive to environmental impacts, polychaetes are useful indicators of estuarine 
ecological status (White et al. 1986; Gibson et al. 2000) as well as reliable surrogates of 
the benthic community saving time and money in regard to sampling regimes (Pollington 
and Wells 1992; Olsgard et. al. 2003). Some polychaete species can facilitate quick 
assessments of systems by simple presence, absence or abundance of particular species 
(Bortone 2005). For example, the presence of a cosmopolitan species of marine annelid 
Capitella capitata (Fabricius 1780) typically indicates low diversity or pollution in 
estuarine ecosystems (Dean 2008).  However, Dean (2008) found the same species to 
indicate intermediate and non-polluted environments.  He cautions that indicator species 
should be locally specific because particular taxa may indicate stress (e.g., organic input) 
in one geographic region but not in another.   
 
 Naturally, estuaries can be complex, transitional, stressful environments that 
generally exhibit some degree of community variation (Day et al. 1989; D’Avanzo et al. 
1996). For example most estuaries exhibit spatial benthic community variation along 
natural physicochemical gradients such as sediment type, depth, and salinity (White et al. 
1986; Day et al. 1989). Varying environmental conditions result in concomitant shifts in 
benthic community structure, in space and time (Kim and Montagna 2010).  For example 
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polychaete species diversity tends to be higher at the mesohaline terminus of an estuary 
rather than near the freshwater discharges (Mannino and Montagna 1997). Assessments 
using structural metrics to gauge system status should be robust enough to capture natural 
spatial variation and identify anthropogenic stressors. Using multivariate analysis to 
monitor spatial (Ritter et al. 2005) and temporal (Desmond et al. 2002) changes in 
community variation has proven useful in many studies.  
 
 Another approach for diagnosing estuarine status that can easily supplement any 
ongoing water quality program is to estimate the ecosystem’s net rate of metabolism. Net 
ecosystem metabolism (NEM) is the difference between gross primary production and 
respiration for all biological components within a confined body of water (Odum and 
Hoskin 1958). Oxygen (O2) is a measurable byproduct of carbon fixation (e.g., primary 
production) and aquatic systems typically exhibit diurnal changes in dissolved oxygen 
(DO) concentrations representing periods of gross production and gross respiration 
(Hartman and Hammond 1985). These measurements can be compared over time 
(Russell et al. 2006), or across estuaries (Caffrey 2013) to characterize aquatic systems 
based on the overall dominant mode of metabolic processes (e.g., autotrophic, 
heterotrophic) (Wilcock et al. 1998).  Autotrophic systems are wetlands in which gross 
production exceeds or approaches near balance with respiration.  Alternatively, systems 
which respire more than produce are classified heterotrophic. A study examining the 
NEM rates of twenty-four National Estuarine Research Reserves found shallow estuaries 
in the Gulf of Mexico to function heterotrophically annually and some North Atlantic and 
North Pacific estuaries to function autotrophically seasonally (Caffrey 2013). 
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 Physical processes also affect DO concentrations within systems such as 
advection or wind diffusion. Some gasses readily diffuses through the air-sea water 
interface, thus wind-dominated estuaries such as those of south Texas must account for 
the O2 flux present (Hartman and Hammond 1985). Further, a major assumption of the 
diurnal O2 curve method as described by Odum and Hoskin (1958) is that the water 
masses are homogenous with respect to oxygen concentration (i.e., they have the same 
metabolic history). South Texas estuaries are particularly amenable to open water 
methods of estimating NEM due to their shallowness (< 2 m depth), ample sunlight, high 
temperatures, and relatively steady southeast winds ensuring a well-mixed water column 
(Russell et al. 2006).  D’Avanzo et al. (1996) and Russell et al. (2006) have used open 
water DO methods in a variety of estuaries, including Texas, to estimate net ecosystem 
metabolism.  
 
 In order to assess recovery status of Bahia Grande I predict the following: 1) 
polychaete communities will differ among the restoration and reference sites due to 
differing physical and biological environments. A rehabilitated basin should have 2) 
similar species richness, diversity, and evenness; 3) similar spatial and temporal 
community dynamics; and 4) similar community production, respiration, and resulting 
community metabolism when compared to desired end-point reference sites.  To address 
these predictions, the following objectives were pursued: 1) examine structural metrics 
including multivariate community and univariate diversity analyses to compare 
polychaete assemblages among the three playa lakes; 2) examine the major 
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physicochemical differences among the three sites; 3) examine polychaete community 
variation in time and space; and 4) compare ecosystem metabolism among the three sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
II. Materials and Methods 
 
 It is presumed that prior to the 1930’s dredging of the Brownsville Ship Channel, 
Bahia Grande and the two adjacent reference sites featured similar physical and 
biological environments considering their former contingency with the Lower Laguna 
Madre (Table 1, Figure 1).  Their morphology was simultaneously anthropogenically 
altered (e.g., altered hydraulic regimes) resulting in reduced inundated areas of South Bay 
and San Martin Lake and complete isolation and subsequent desiccation of Bahia Grande. 
Bahia Grande was reflooded in 2005 as part of a restoration attempt (Hicks et al. 2010). 
At present, each site is relatively isolated yet retains a connection to tidal waters via the 
Brownsville Ship Channel (Figure 2).  It was decided a priori that South Bay experiences 
the least amount of anthropogenic disturbance thus, it shall serve as the optimal end-point 
reference site for the purpose of this study. San Martin Lake serves as an additional 
reference site in order to capture a more comprehensive estimate of natural variation in 
the area. The applicability of using polychaete community dynamics, and relative rates of 
primary production and respiration to assess ecosystem status of Bahia Grande were 
evaluated among the estuaries. 
 
Study Sites 
 The recently inundated Bahia Grande is frequently hypersaline, due to its large 
surface area (2630 ha), shallow depth (< 1 m), restricted tidal flow, and lack of freshwater 
input (Hicks et al. 2010). Furthermore, a historic railroad trestle, which divides the basin 
into northern and southern areas, partially limits tidal water circulation, thereby 
exacerbating hypersalinity in the northern area reaching values above 57 ppt versus 50 
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ppt on the south (Hicks et al. 2010).  Other than a spattering of seagrass, oyster beds, and 
handful of transplanted black mangrove (Avicennias germinans) near the channel inlet, 
the basin is devoid of macroflora.  Algal mats cover a majority of the seafloor (personal 
observation).   
 
 San Martin Lake is located approximately three kilometers southwest of Bahia 
Grande, with an area of approximately 230 ha and a mean depth of  < 2 m (Figure 2).  It 
receives effluent water from the city of Brownsville maintaining an ecotonal zone 
seaward, thus classifying as a positive estuary. It is often more fresh than saline (Labuda 
and Fernandez 2003). The estuary is surrounded by lush stands of black mangroves as 
well as oyster reefs occurring along its intertidal margins (personal observation). 
 
 South Bay is a remnant of the southern portion of the Laguna Madre when it 
extended further south and terminated near the Rio Grande (Hicks 2010) (Figure 2).  
Hydrological and physical alterations to the south end of the Lower Laguna Madre in the 
1930’s resulted in the formation of South Bay, a hypersaline estuarine lagoon often 
reaching levels exceeding 40 ppt (White et al. 1986).  It is approximately 1130 ha, rarely 
exceeding 1m in depth (Hicks  2010). Its seabed is covered with patches of seagrass, 
scattered oyster reefs, and sand flats; some areas are fringed by mangroves (personal 
observation). 
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Benthos Sampling 
 Sampling site selection followed the Environmental Protection Agency’s (EPA) 
Environmental Monitoring and Assessment Program (EMAP) for estuarine systematic 
and random sampling (probabilistic sampling design).   Bahia Grande basin was divided 
into three sectors (south, northeast, northwest) to ensure adequate sampling of the entire 
system (i.e., stratified).  Sampling stations were established by overlaying a one second 
latitude-longitude grid on a map of the estuaries and randomly selecting intersecting 
points of latitude and longitude from each of the three sectors of Bahia Grande. San 
Martin Lake and South Bay were sampled accordingly. This method was used to select 
new sampling stations in all sampling intervals. Additional site locations within each of 
the sampling regions/intervals were generated for use in the event that primary sites were 
inaccessible. All site locations were established prior to each sampling event and entered 
into a Garmin “GPSmap 76” unit. To account for differences in basin size, the number of 
samples collected were proportional to area of each site (i.e. Bahia Grande, 24; South 
Bay, 16; San Martin Lake, 8). Nonetheless, the total number of samples within reference 
sites and the restoration site were the same.  Sites were sampled on a quarterly basis for 
one year (March 2012-March 2013). 
 
 A modified PVC-constructed push core, 8.3 cm in diameter, was used to sample 
benthos to a depth of 10 cm (Gardner et al. 2009). Four subsamples (53.5 cm2) were 
collected, from each sampling station, into individual 500 µm polypropylene mesh bags 
for a total sampled surface area of 214 cm2. Samples were pre-sieved in the field and 
stored in a seawater-filled cooler while sampling (< 8 h).  Thereafter, samples were 
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transported to the laboratory and preserved in a 10% formalin-natural seawater mixture 
with the protein stain Rose Bengal for a minimum of 24 h. Sieving was completed in the 
laboratory using warm tap water to dissolve the argillaceous sediments. Samples were 
sorted for organisms of interest and transferred to a solution of 75% ethyl alcohol and 
25% deionized water until identification. Organisms of interest as defined here include 
those polychaetes retained on a 500 µm screen. Individuals were identified to lowest 
possible taxon using taxonomic guides by Fauchild et al. 2009 and Appletans et. al. 2012. 
Abundances were quantified as number of individuals per four cores.   
 
Physical Environmental Measurements 
 Wind speed, ambient air temperature, and barometric pressure data were recorded 
and stored on a data logger at the land-based meteorological station at Bahia Grande. 
Water quality data were collected at mid-water column depth using Hydrolab MS5 multi-
parameter probes deployed at Bahia Grande, San Martin Lake, and South Bay monthly 
for two weeks from September 2012- September 2013. All sonde stations were located 
within 9 km of the meteorological station.  Additionally, water temperature (°C ± 0.1 °C), 
pH (± 0.2 units), dissolved oxygen (mg/L, ± 0.01 mg/L for 0-8mg/L and  ± 0.02 mg/L for 
greater than 8 mg/L), and salinity (ppt ± 0.2 ppt) measurements were collected 
simultaneously during each benthos-sampling event using a hand-held Hydrolab DS5 
multi-parameter probe. When inclement weather or equipment failure impeded data 
collection, missing values were extrapolated whenever possible using the Missing routine 
in Primer (Clarke and Gorley 2006). 
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Data Analyses 
  Several metrics were analyzed to assess applicability for evaluating the 
ecosystem status for southernmost Texas shallow estuaries. A Principal Components 
Analysis (PCA) ordination was used to investigate the physicochemical environments of 
the three estuaries. To investigate structural differences amongst the basins the following 
richness and diversity indices were calculated using the DIVERSE routine in Primer v6: 
species richness (total number of species, S, and Margalef’s index: d=(S – 1)/logeN), 
Shannon-Wiener diversity (Hʹ′= - Σ pi log (Pi), Pielou’s evenness: Jʹ′ = Hʹ′/logeS, and 
Simpson’s evenness (1-λ= 1 – Σ (pi)2 where abundance of ith species is denoted by Ni 
(i=1, 2, ..., S) and, divided by their sum (N) is denoted pi (i=1,2,..., S) (Clarke and Gorley 
2006). Polychaete communities were compared across sites and sampling intervals using 
a two-way permutation-based analysis of variance test (PERMANOVA) where site was a 
fixed factor and sampling quarters were treated as random factor. Non-parametric 
multidimensional scaling (MDS) analyses were used to visually assess spatial and 
temporal community similarity. A distance-based test for homogeneity of multivariate 
dispersions (PERMDISP) to interpret polychaete community variance trends among the 
sites, within the sites, and across sampling intervals. A similarity percentages (SIMPER) 
analysis was then used to discern which species were driving the similarity among 
samples within sites and dissimilarity between sites (Clarke and Gorley 2006). 
 
 Net ecosystem metabolism rates (NEM) were determined by measuring changes 
in DO concentrations from the deployed multiparameter data sondes in each of the three 
sites. Due to the consistent high winds in the study area, a wind-dependent diffusion 
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coefficient, K (g O2 m-2 h-1) at 0% saturation was estimated using the equation 
K=0.56e(0.15W10) where W10 is the wind velocity in m· s-1 at a height of 10 m (D’Avanzo 
et al. 1996).  Daily NEM (g O2 m-2 d-1) was calculated in 30-minute diffusion-corrected 
rates of DO change and summed over a 24 h period starting and ending at 8 AM 
according to the following equation Rdc = R – (1-((S1 + S2) / 200)) * K / 2; where, Rdc = 
diffusion corrected oxygen concentration rate of change per 30 min, R = observed oxygen 
concentration rate of change, S1 and S2 = dissolved oxygen percent saturations at time 
one and two, K = diffusion coefficient at 0% DO saturation (Russell et al. 2006). Primary 
productivity was calculated by first multiplying PM respiration by two to estimate total 
respiration. Then subtracting total respiration from NEM to yield approximation of AM 
production since it is assumed little to no production occurs in the absence of sunlight 
(e.g. PM).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
III. Results 
 
Environmental Analyses 
 
 Overall, Bahia Grande exhibited higher average salinity (45.5 ppt) over the 
sampling period compared to the reference sites (Table 2).  The PCA ordination 
comparing the physiochemical environments of the three estuaries revealed that the first 
factor, PC1, was driven by salinity and accounted for 40.2% of the overall variation 
(Table 3a, 3b, respectively; Figure 2). The second principal component, PC2, driven 
mainly by dissolved oxygen (mg/L), contributed to 36.7% to the overall variation.  A 
two-dimensional ordination revealed salinity as the major environmental variable 
differentiating the more saline Bahia Grande and South Bay from San Martin Lake 
(Figure 3). 
 
Structural Analyses 
 Quarterly benthos sampling began March 2012 and continued through February 
2013.  A total of 111,267 individuals representing 12 species and/or morphospecies were 
enumerated for this study (Table 4). The two reference sites (South Bay and San Martin 
Lake), generally exhibited higher species richness (Margalef’s index and total number of 
species, S), diversity (Shannon), and evenness (Pielou) (Table 5). Bahia Grande, the 
restoration site, exhibited the lowest evenness (J = 0.38). When samples were pooled 
across the four sampling intervals, Spionidae sp.1 accounted for approximately 75% of 
the polychaete abundance within Bahia Grande as revealed by the dominance plot (Figure 
4). In contrast, South Bay and San Martin Lake communities exhibited approximately 
40% dominance by Spionidae sp.2 and Capitellidae respectively. Overall, five species 
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accounted for ~80% of the community resulting in higher evenness (Table 4).  Specimens 
of the family Sabellidae and Serpulidae were unique to South Bay. Ampharetidae and 
Marldanidae sp.2 were also restricted to South Bay with the exception of a single 
individual in San Martin Lake during quarter three and Bahia Grande quarter four, 
respectively (Table 4). 
 
 For all multivariate analyses, polychaete community abundance data were square-
root transformed to increase contributions of mid- and rare species to Bray-Curtis 
similarity values. Differences in polychaete communities varied among sites and across 
sampling quarters (pseudo-F= 6.3202; p < 0.001 and pseudo-F=10.151; p<0.001 
respectively). However, the differences in communities among sites were not the same 
for all quarters (pseudo-F = 5.7314; p < 0.001; Table 6). Nonetheless, pairwise testing of 
sites within each quarter indicated unique polychaete communities (Table 7a,b).   
 
 Polychaete community data was further analyzed visually for structural 
differences among the sites using a non-parametric multidimensional scaling (MDS) 
analysis.  The MDS plot emphasizes the PERMANOVA interpretations of among site 
and within site variation across the three basins (Figure 5).  Bahia Grande has the highest 
temporal variation overall compared to the reference sites.  A distance-based test for 
homogeneity of multivariate dispersions, PERMDISP, emphasizes the MDS variance 
trends between the sites and within the sites (Figure 6,7).  PERMDISP pairwise 
comparisons indicate there was no apparent pattern within-quarter community spatial 
variation. During quarter one, South Bay exhibited greater community variation 
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compared to Bahia Grande and San Martin Lake P<0.05). Bahia Grande and San Martin 
Lake had similar community variation (P>0.05). Quarter two, San Martin Lake exhibited 
lower variation than both Bahia Grande and South Bay (P<0.05) and South Bay and 
Bahia Grande were similar (P>0.05). During quarter three, South Bay was more similar 
to Bahia Grande and San Martin Lake (P>0.05).  Bahia Grande exhibited higher 
community variation than San Martin Lake (P<0.05). Lastly, during quarter four, Bahia 
Grande had higher community variation than South Bay and San Martin Lake (P<0.05). 
South Bay and San Martin Lake were more similar (P>0.05).  PERMIDSP pairwise 
analysis of sites indicate that Bahia Grande had the highest community variation over the 
twelve month sampling period (46.1, ±0.87 SE) compared to South Bay (40.7, ±1.17SE) 
and San Martin Lake (33.9, ±1.74). 
 
 The finding of unequal dispersions within combinations of site and quarter calls 
into question the interpretation of the PERMANOVA results comparing sites. 
Specifically, differences among sites detected by PERMANOVA (Table 6) might be due 
to differences in community composition, in dispersion (heterogeneity), or some 
combination of the two (Anderson et al. 2008). However, while dispersion effects are 
likely present, the positions of the samples being compared in the MDS plot (Figure 5) 
clearly indicate differences in community composition among the three sites. 
 
 A similarity percentages (SIMPER) analysis was used to discern which species 
were driving the similarity among samples within sites and dissimilarity among sites 
(Table 8 a-f). Average similarity of polychaete assemblages for Bahia Grande across all 
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quarters (March 2012- February 2013) was 35.7% (64.3% dissimilar). Spionidae sp.1 had 
the highest abundance contributing to ~47% of the average similarity among samples.  
This 47% contribution to sample similarity by any one species was the highest among the 
three sites and is another indication of high dominance in Bahia Grande.  Average 
similarity of samples for South Bay across all quarters (May 2012- February 2013) was 
44.4% (55.6% dissimilar).  Spionidae sp.2 comprised ~38% of the average similarity. San 
Martin Lake had the highest average similarity (57.9%) across all quarters (May 2012- 
February 2013).  Capitellidae had the highest abundance and contributed to ~33% of the 
similarity among samples.  In terms of polychaetes, Bahia Grande was more similar to 
San Martin Lake (26.3%) than to South Bay (14.55%).  However the greatest similarity 
occurred between San Martin Lake and South Bay. 
  
Functional Analyses 
 Twenty-four hour diel curves were analyzed for anomalies attributed to 
equipment failure or some other unaccountable sources of error (Figure 8). Erroneous 
diurnal curves were omitted from the dataset leaving a total of 31 curves to characterize 
the basins. Average monthly rate of gross primary production, respiration, and NEM 
within the three basins fluctuated throughout the sampling period but generally trended 
heterotrophically. The magnitude of the effect of wind-diffusion on the rate of change in 
DO values was investigated by comparing uncorrected and corrected DO curves (Figure 
9). Bahia Grande primary production ranged from 2.3-12.3 mg/L O2.  South Bay had the 
widest range of production (5.1- 23.1 mg/L O2) and the highest mean (13.0 mg/L O2, 
±1.65 SE).  Bahia Grande had the lowest production rate (7.3 mg/L O2, ±1.32 SE) and 
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lowest rate of respiration (17.3 mg/L O2, ±3.17 SE) (Figure 10). Respiration rates within 
San Martin Lake far exceeded the rate of production contributing to its highly negative 
NEM rate (-13.76 g O2 m-2 d-1, ±1.75 SE). Greatest heterotrophy (NEM) occurred late 
spring for the restoration site, and late summer for reference sites. In general mean 
production and respiration were greater in reference sites with greatest heterotrophy 
(NEM) within San Martin Lake. Primary production and total respiration were generally 
lowest during the colder months of winter across all sites.  Consequently, total NEM was 
less heterotrophic during this time as well.  All sites are characterized as heterotrophic 
systems that experienced maximum heterotrophy during late spring and early summer 
(Figure 11). 
 
IV. Discussion 
Structural Metrics 
  The two reference sites have continued to function as aquatic systems without 
interruption since the construction of the Brownsville Ship Channel in the 1930s whereas 
Bahia Grande was only recently re-flooded in 2005.  Hence the polychaete communities 
of the reference sites are thought to represent relatively stable, climatic states at the time 
of this study. Accordingly, the first prediction in this study was that the polychaete 
assemblages would differ among the sites due to obvious biological and physical 
differences within their respective environments. As predicted all three sites have 
significantly different community structures.  
 
 The community dissimilarities are likely driven by differences in salinity and 
dissolved oxygen as revealed by a PCA.  The conditions in Bahia Grande are exacerbated 
by its large, shallow area leading to persistent higher levels of salinity, evaporation rates, 
temperature and turbidity.  While average salinity levels (~40ppt) within the shallow 
basin were considerably lower than previous years (mean > 54 ppt, Cornejo 2009) they 
are still relatively higher than seawater, possibly limiting settlement to pioneer or R-
selected species.  High abundance and short-lifespans are some quintessential 
characteristics of r-selected organisms. As part of a long-term project to monitor Bahia 
Grande pre- and post-flood, Hicks et al. (2010) sampled benthos, nekton and water 
column parameters from 2005-2009.  Mean salinity range of 50-57 ppt in Bahia Grande 
were found to restrict recruitment to pioneering species and suggested that lower salinity 
levels would likely catalyze succession (Hicks et al. 2010).  
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 However, South Bay demonstrates that moderate hypersalinity (42.8 ppt) is a 
common feature in south Texas estuaries and hosts some K-selected organisms such as 
maldanids and nerieds. Martin and Montagna (1997) sampled benthos from two marine 
systems in south Texas and suggested the presence of K-selected polychaetes as evidence 
of a lack of recent disturbances to the system. SIMPER tests reveal that maldanids and 
nereids in fact constituted a portion of the dissimilarity between South Bay and the other 
two sites.  While a few K-selected organisms were present in Bahia Grande samples, their 
numbers were generally not well represented.  Perhaps an overall increase in the evenness 
of K-selected polychaetes can be interpreted as an indication of late succession 
(diminishing effects of disturbance) within Bahia Grande.  
  
 Aside from differences in the physicochemical parameters of the water column 
habitats, another explanation for the disparities between taxa amongst the reference sites 
and re-flooded site is that polychaetes are inherently associated with particular substrates 
(White et al. 1986).  While substrate was not analyzed in this study, general comments 
based on observational data can be made. Persistent high winds eroded the organic layer 
from the Bahia Grande basin exposing a hard clay layer.  In contrast, the reference sites’ 
basins remained submerged.  It is possible that some proportion of the dissimilarity 
between Bahia Grande and the reference sites can be attributed to sediment type. Perhaps 
a further study should address that issue. A two-way similarity percentage (SIMPER) 
analysis examined prevailing species and their contributions to the disparity between 
each site. For instance, specimens from the families Serpulidae and Sabellidae only 
occurred in South Bay; likely due to their life history association with sand.  Both are 
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tubiculous species, which utilize sand grains to construct and/or adorn their tubes (Wilson 
et al. 2003).  Another polychaete taxa absent from Bahia Grande are Ampharetidae, 
another tubiculous taxa that has been documented to attach themselves to sponges and 
living mollusk shells (Wilson et al. 2003). South Bay, which had the highest number of 
total species (S=16), features more diverse substrate consisting of sand, shell fragments, 
organic matter, oyster reef, and seagrass. These substrates are more variable and thus able 
to support a more species rich benthos (White et al. 1986).  
 
 In terms of sediment, Bahia Grande is more similar to San Martin Lake.  Both are 
non-vegetated with a flocculant layer atop a clay/mud bottom. Only, San Martin Lake has 
retained its thick organic layer overtime.  Total number of taxa between the sites were 
very similar with the exception of one species appearing in Bahia Grande during quarter 
four. The exposed clay layer and lack of physical structure in Bahia Grande likely further 
impedes its succession. These findings suggest that perhaps San Martin Lake is 
undergoing environmental stress but in a different stage of development than Bahia 
Grande. 
 
 However different the physical nature of the sites, they all receive the same water 
mass and presumably sharing the same recruitment pool.  If all sites had similar 
biological and physical conditions, then all should have very similar polychaete 
communities. Zajac and Whitlatch (1982) found that recolonization patterns of defaunted 
sediments within a small shallow estuary was synchronous with available recruitment 
pool from ambient population. Unlike the less perturbed adjacent reference sites, Bahia 
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Grande currently supports a polychaete community that exhibits high dominance (i.e., 
numerical dominance), and low evenness (Jʹ′), richness (S and d), and diversity (H’) 
across the sampling period; common within disturbed environments (Martin and 
Montagna 1997; Dean 2008). Also, SIMPER results reveal that the community structure 
within both reference sites were more similar to each other (~28%) than either was to 
Bahia Grande. Interestingly, Bahia Grande was again more similar to the San Martin 
Lake reference site (~26%) than to South Bay (~14%), which may suggest that the 
reference sites might be representing the normal range of variation for south Texas 
estuaries. In a study comparing community dynamics between a polluted site and two 
control sites, Chapman et al (1995) found the polluted site to be similar to one or the 
other control sites at different levels of disturbance. Chapman et al. (op. cit.) findings’ 
elucidate the need for multiple control sites to capture more natural variation.   
 
 The hypothesis of increased diversity with decreased disturbance first described 
by Warwick and Clarke (1993) has been tested and confirmed in a various ecosystems 
including oceans (Zmarzly et al. 1993; Chapman et al. 1995), bays (Mannino and 
Montagna 1997), and estuaries (Cardoso et al. 2007). Granted most studies focus on 
evaluating polluted versus controlled sites, usually along a disturbance gradient with 
fewer examining changes in community structure as indication of restoration. For 
example, a three year study by Cardoso et al. (2007) observed decreased polychaete 
density and dominance, and increase in diversity and richness as indicators of 
rehabilitating estuaries under a restoration management regime.  High dominance and 
low richness in Bahia Grande is a reflection of the polychaete community being 
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comprised of opportunistic species (r-selected) with tendencies to reproduce abundantly 
and quickly.  This community group includes Streblospio (Webster, 1879), Polydora 
(Bosc, 1802), and capitellids (Grube, 1862) which comprise ~80% of the average 
similarity. These pioneering taxa are present in all three sites but their presence is less 
pronounced in South Bay. In San Martin Lake, capitellids are the most abundant taxa, 
(Desmond et al. 2002; Lee et al 2006) suggesting that the San Martin Lake polychaete 
community is reflecting an early to intermediate stage of succession.  Based upon the 
proposed abundance-based diversity classification scheme of White et al. (1986), Bahia 
Grande presently has extremely low diversity and both reference sites have medium 
diversity.  As succession continues within Bahia Grande, one might expect to see the 
polychaete community shift to encompass higher diversity, evenness, and richness.   
  
 Due to differing biological and physical constraints, the polychaete communities 
might be inhibited from reaching a similar species composition across the sites.  Simple 
presence/ absence of certain species may offer false assumptions about the succession of 
Bahia Grande.  Species interactions are very complex and multiple factors including 
predation, patchiness, density-dependent interactions can influence spatial and temporal 
variation within an ecosystem.  Such variation may be reflected as changes in the 
population structure of individual species or changes in the suite of species (Chapman et 
al. 1995).  
 
 Martin and Montagna  (1997) explored benthic community variation between an 
assumed polluted and reference estuary to test for possible pollution induced stress.  They 
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found comparable spatial variation within both sites suggesting no induced stress. 
Chapman et al. (1995) tested the prediction that spatial variance would positively 
correlate with proximity to pollution outfall.  While spatial differences were significant 
among samples within the sites, they actually found spatial variance was lower in the 
polluted site compared to two control sites.  Estuaries, especially those that maintain 
large fluxes of salinity and a matrix of sediment types (e.g., clay, sand, mud) across their 
basins, should intuitively exhibit higher benthic community variability than systems with 
more homogenous environments. Perhaps Chapman et al.’s (1995) results are a product 
of the pollution stress causing high dominance of a few tolerant species and subsequent 
low community variability.  Similarly, pairwise analysis of sites in this study found 
differences in spatial variance among all sites yet there was no apparent trend. For 
example, South Bay had the highest spatial variance one quarter and Bahia Grande 
alternately had the highest in two of four sampling intervals.  During quarter two, there 
was no significant difference between the aforementioned sites. Bahia Grande likely 
features a more homogenous sediment type and salinity than the reference sites possibly 
explaining perhaps why consistently higher spatial variance was not observed. If all 
samples in site are experiencing similar environmental conditions, whether it is a restored 
site or control site, one would assume variation to be low.  It is no surprise this study did 
not find increased spatial variation within Bahia Grande considering as there is no 
pronounced “point-source” of stress or gradient. Nonetheless, investigating small-scale 
spatial community variation offers a snapshot of the ecosystem structure at the time of 
sampling that can be very useful for short-term or rapid “health” assessments and should 
be included in any monitoring protocol. 
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 Comparing temporal variability amongst sites might give better insight as to how 
the system is functioning over time and may prove useful as a tool for gauging succession 
of restored environments. As benthic communities respond to different effects overtime, 
temporal variation tends to remain relatively constant in unperturbed environments. In a 
disturbed environment, community composition over time might reflect increases in 
opportunistic species taking advantage of available resources or adapting to prevailing 
conditions. Zmarzly et al. (1993) examined temporal trends of macrobenthos near a 
drainage outfall in California for five years and found that the temporal variation and 
effects of stochastic events such as El Nino was higher near the outfall and decreased 
over time. Desmond et al. (2002) compared the invertebrate assemblages of three 
California estuaries with varying degrees of hydrologic disturbance and found all three 
sites were highly variable over an 11-year dataset.  All three sites were characterized by 
opportunistic species but the most impacted site (e.g. periodic inlet enclosure, fluctuating 
salinities, high evaporation) featured the highest densities, lowest diversity, and lowest 
species richness throughout the study. Additionally they found that peaks in abundance of 
opportunistic species typically followed a disturbance event. The drastic peak in 
Spionidae sp. 1 seen in Bahia Grande during quarter one might be explained by a similar 
environmental disturbance such as rainfall event or possibly a recruitment episode 
considering the worms in quarter one were comparably smaller. Zajac et al. (1982) found 
recruitment of defaunted plots within a shallow estuary had higher abundances of 
opportunistic polychaetes and amphipods than nearby ambient control sites possibly due 
to larval selection of suitable settlement habitat. Overall, Bahia Grande had the highest 
temporal variability suggesting the site is still in a successional state. 
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 Interestingly, San Martin Lake exhibited the lowest spatial and temporal variance 
among the three sites. Determining San Martin Lake as stable as indicated by temporal 
variance seems questionable due to the confounding evidence in this study that San 
Martin Lake experiences periodic disturbances from presumably strong tidal exchange 
and possibly wastewater discharge.  However, the frequent intermediate disturbance of 
fluctuating salinity could be limiting the community structure to an intermediate 
successional stage that repeats after every hydraulic disturbance (Zjak and Whitlach 
2003; Ritter et al. 2005). This reoccurring community dynamic overtime might indicate 
that the San Martin Lake end-point succession state is limited to opportunists and 
therefore low temporal variation). A short-term study examined correlations between 
macrobenthic recruitment events and disturbance dynamics (e.g. duration and intensity of 
flood) in a salinity-stressed estuary in Texas comparing community structure within 
experimental defaunated plots and ambient plots over time (Ritter et al. 2005). According 
to their results, salinity disturbance perpetuated an early to intermediate stage of 
macrobenthic succession within Rincon Bay.  
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Functional Metrics 
 It was hypothesized that ecosystem status might be inferred by comparing NEM 
rates, as a measure of ecosystem function, between the restored site and adjacent 
reference sites. Although, the sites in this study expressed higher magnitudes of 
production, respiration, and NEM, the general trends observed are consistent with 
previous findings for similar open-water estuaries within the Gulf of Mexico (Odum and 
Hoskin 1958; Caffrey 2004). In general all sites were characterized as heterotrophic and 
trended similarly throughout the year but primary production and total respiration were 
greatest among reference sites. High respiration rates affect aquatic ecosystems by 
driving total NEM rates heterotrophically (Russell et al 2006).  Without sufficient 
autochthonous inputs, respiration will inevitably exceed production. 
  
 Microbial processes account for a large portion of respiration in heterotrophic 
systems, which tend to be supported by allocthonous inputs (Preen and Kirchman 2004). 
The relative size of San Martin Lake, reception of effluent water, and adjacent vegetation 
(Caffrey 2004) may increase its oganic loading (Kemp et al. 1997), and microbial 
respiration (Preen and Kirchman 2004) explaining the elevated respiration rates.  
Expansive seagrass flats might explain elevated productivity levels within South Bay 
(Odum and Hoskin 1958; McKenna 2003) but did not explain the unexpectedly negative 
monthly NEM rates.   Despite occasional daily visual determinations of over saturation in 
South Bay (e.g., bubbles on leaf blades rising to surface), community metabolism is 
dominated by respiration.  This is contrary to logic for a site with such extensive benthic 
flora, however it may be possible that the system is receiving sufficient amounts of 
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allocthonous inputs to support observed rates of respiration (Odum and Hoskin 1958).  
Caffrey (2013) found that heterotrophy in estuarine systems tended to increase as 
production increased due to shallow open areas or proximity to land margins.   Unlike the 
reference sites, vegetation within Bahia Grande is negligible and would not provide 
sufficient production rates to support the large area.  Allochthounous input from adjacent 
vegetation (Russell et al. 2006) washed or blown into system is one mechanism likely to 
support observed production rates. Assuming that the body of water flushing throughout 
the basins is homogenous, it may be possible that the adjacent reference sites are 
contributing allocthonous inputs to Bahia Grande.   Persistent high winds could be 
another underlying mechanism for transport of sufficient organic matter sources into the 
restored site to support metabolic processes but was not quantified in this study.  Another 
factor limiting production in Bahia Grande is the low-flow or long residence time of tidal 
water (Cronk and Mitsch 1994). High flow systems tend to have higher production rates 
than still water wetlands due to increased flushing of new organic material (Cronk and 
Mitsch 1994). The effects of turbidity and depth were not examined due to shallowness 
(< 0.7 m) of all three sites; it was presumed these factors would not limit primary 
productivity long term.   
 
 
 
 
 
 
 
 
 
 
V. Conclusion 
 
 In general Bahia Grande is functioning similarly to the reference sites in terms of 
NEM but polychaete community dynamics and structure are different indicating that the 
sites are distinct from one another.  Bahia Grande represents an environment capable of 
supporting pioneer faunal assemblages adapted for such ecosystem. Such assemblages 
are generally characterized by low diversity, evenness, and high dominance.  The 
continued decrease in the severity of the extreme physicochemical conditions and 
increase in complex structures (i.e., oyster reefs, seagrass) are likely conducive to 
supporting a more diverse and even faunal assemblage with increased spatial and 
decreased temporal variation. It is assumed that as succession naturally continues, the 
polychaete dynamics will shift overtime and exhibit a more even (balanced) composition 
similar to the nearby reference sites.  Considering the physicochemical stresses, limited 
autochthonus organic inputs and freshwater inputs, succession within Bahia Grande could 
have a delayed emergence. The proposed plan to widen the pilot channel would favorably 
increase volume of water exchange and potential recruitment into basin.  This project 
recommends the continued monitoring of the basin in order to: 1) Broaden the 
understanding of coastal restoration specific to our area and 2) aid with future projects by 
offering comprehensive data about its successional progress.  Future sampling efforts 
should attempt to continue monitoring the a) structural components using polychaete-
based metrics and b) functional components using NEM of Bahia Grande in order to 
assess system recovery. 
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Tables 
 
 
 
Table 1.Geographic coordinates of the land based meteorological station and permanent sonde stations employed throughout 
the study. 
 
 
Location 
 
Latitude (N) 
 
Longitude (W) 
Bahia Grande meteorological 26.02592 -97.30034 
 
Bahia Grande South 
 
26.04185 
 
-97.18046 
 
San Martin Lake 
 
26.00565 
 
-97.31247 
 
South Bay 
 
26.0198 
 
-97.18908 
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Table 2. Yearly average water quality values for all sites based on deployed sonde data. Water temperature (WT), dissolved 
oxygen (DO), salinity (ppt), and depth. 
Site 
WT 
 (°C) 
WT  
SE 
DO  
(mg/L) 
DO 
SE 
Salinity 
(ppt) 
Salinity 
SE 
 
Depth  
(m) 
Bahia Grande 24.1 1.34 5.27 0.3 45.5 0.9 0.62 
South Bay 25.2 0.09 4.99 0.1 42.9 0.20 0.62 
San Martin 
Lake 24.1 1.46 5.67 0.7 30.5 1.74 0.49 
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Table 3 (a,b) Summary of Principal Components Analysis (PCA) results, expressed here as Eigenvalues (a), Eigenvectors (b), 
and respective contributions to overall variation among the sites across the sampling intervals. Principal component (PC); 
Water temperature (WT), dissolved oxygen (DO), salinity (ppt), cumulative percent variation (C % Var). 
 
(a)                (b) 
 
PC Eigenvalues %Variation 
C % 
Var  Variable PC1 PC2 PC3 
 
1 1.21 40.2 40.2  WT (°C) 0.511 0.651 -0.561 
 
2 1.1 36.7 76.9  DO (mg/L) 0.379 -0.756 -0.533 
3 0.693 23.1 100.0  Salinity (ppt) -0.772 0.060 -0.633 
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Table 4. List of taxa densities and % total contribution (%) for all sites within each quarter in descending order. Quarter (Q), Bahia Grande (BG), San 
Martin Lake (SM), South Bay (SB), total number of individuals (N). Morphospecies are listed with family names. 
 
Species Q1BG Q1SB Q1SM Q2BG Q2SB Q2SM Q3BG Q3SB Q3SM Q4BG Q4SB Q4SM N % 
Spionidae sp1 4732 20 136 201 5 130 76 12 3 103 227 37 5682 50.4% 
 
Capitellidae 353 47 567 22 14 47 30 24 21 0 20 102 1247 11.1% 
 
Spionidae sp2 0 241 0 0 3 0 0 109 0 15 729 0 1097 9.7% 
 
Nereidae 11 49 50 3 118 28 7 72 23 2 288 97 748 6.6% 
 
Polydora 489 12 25 33 7 6 22 4 0 50 2 2 652 5.8% 
 
Orbiniidae 275 8 6 11 3 17 3 4 2 102 19 157 607 5.4% 
 
Cirratulidae 10 21 164 7 6 131 0 4 33 3 31 48 458 4.1% 
 
Scolelepis  38 14 7 8 86 1 2 3 0 8 7 1 175 1.6% 
 
Maldanidae sp1 0 44 2 8 3 0 20 21 1 11 57 0 167 1.5% 
 
Sabellidae 0 37 0 0 74 0 0 2 0 0 25 0 138 1.2% 
 
Phyllodocidae  48 6 1 7 3 0 7 0 0 16 1 0 89 0.8% 
 
Ampharetidae 0 26 0 0 20 0 0 15 1 0 17 0 79 0.7% 
 
Onuphidae  25 0 0 0 7 6 3 2 7 5 3 1 59 0.5% 
 
Goniadiae 18 1 5 6 0 0 3 1 1 13 2 4 54 0.5% 
 
Maldanidae sp2 0 5 0 0 0 0 0 3 0 1 0 0 9 0.1% 
 
Serpulidae 0 4 0 0 0 0 0 2 0 0 0 0 6 0.1% 
Totals 5999 535 963 306 349 366 173 278 92 329 1428 449 11261 99.99% 
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Table 5. Univariate diversity (DIVERSE) indices for polychaete species composition and abundances across sampling interval 
May 2012-Februrary 2013. Total species (S'), total individuals (N), species richness (Margalef) (d), Pielou’s evenness (J'), 
Shannon’s diversity (H' loge), Simpson’s evenness (1-√’)  
 
Site 
 
S' 
 
N 
 
d 
 
J' 
 
H' (loge) 
 
1-√' 
Bahia Grande 13 6807 1.36 0.385 0.99 0.421 
South Bay 16 2590 1.91 0.676 1.87 0.764 
San Martin Lake 12 1870 1.46 0.656 1.63 0.757 
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Table 6. Summary of results for permutation-based analysis of variance (PERMANOVA) test using site as a fixed factor and 
quarter as random factor. Degrees of freedom (df), sum of squares (SS), mean squares (MS), permutation  (perms). 
 
 
Source df* SS MS Pseudo-F P (perm) perms 
Site 2 1.0139E5 50697 6.3203 0.001 
999 
 
Quarter 3 42888 14296 10.151 0.001 
999 
 
Site by quarter 6 48428 8071.4 5.7314 0.001 
999 
 
Residual 172 2.4222E5 
1408.3 
    
Total 183 4.535E5     
*excludes 20 samples due to methodological errors or inclement weather. 
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Table 7. Summary of results for distance-based test for homogeneity (PERMDISP) with standard error (SE) for each quarter 
(a) and site (b). 
 
(a) 
Site Quarter Average SE 
Bahia Grande 1 24.177 1.4918 
South Bay 1 35.257 2.6579 
San Martin Lake 1 21.959 2.218 
Bahia Grande 2 38.543 2.3296 
South Bay 2 39.055 2.8242 
San Martin Lake 2 23.68 1.7177 
Bahia Grande 3 42.92 1.0617 
South Bay 3 38.792 2.3908 
San Martin Lake 3 33.104 3.1366 
Bahia Grande 4 42.978 1.8092 
South Bay 4 29.82 2.227 
San Martin Lake 4 21.857 2.4695 
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(b) 
Site Average SE 
Bahia Grande 46.098 0.86794 
 
South Bay 
 
40.691 
 
1.167 
San Martin Lake 
 
33.919 
 
1.7419 
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Table 8 (a-f). Summary of results for two-way analysis of similarity (SIMPER) with an 80% cut off for low contributing 
species based on square-root transformed abundances with site treated as a fixed factor and quarter as a random factor. 
Average abundance (Av.abund), average similarity (av.Sim), standard deviation (Sim/SD), percent contribution (Contrib %), 
and cumulative contribution (Cum.%), average dissimilarity (Av.Diss), dissimilarity (Diss/SD). 
 
(a) 
Bahia Grande (March 2012- February 2013)      
Average similarity: 35.67      
 
Species 
 
Av. Abund 
 
Av. Sim 
 
Sim/SD 
 
Contrib % 
 
Cum. % 
Spionidae sp.1 4.3 16.7 0.9 46.8 46.8 
Polydora 1.6 7.9 0.6 22.2 68.9 
Capitellidae 1.2 4.5 0.6 12.6 81.5 
 
 
(b) 
South Bay (May 2012-Februrary 2013)      
Average similarity: 44.43      
Species 
 
Av. Abund 
 
Av. Sim 
 
Sim/SD 
 
Contrib % 
 
Cum. % 
Spionidae sp.2 3.3 17.0 1.2 38.3 38.3 
Nereidae 2.4 11.2 1.2 25.1 63.4 
Capitellidae 1.0 4.2 0.7 9.4 72.8 
Maldanidae sp.1 0.8 2.3 0.4 5.3 78.1 
Ampharetidae 0.78 2.28 0.50 5.12 83.22 
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(c) 
Group San Martin Lake (May 2012- February 2013)      
Average similarity: 57.90      
 
Species 
 
Av. Abund 
 
Av. Sim 
 
Sim/SD 
 
Contrib % 
 
Cum. % 
Capitellidae 3.8 19.2 1.9 33.2 33.2 
Nereidae 2.2 12.9 1.4 22.4 55.5 
Spionidae sp.1 2.5 11.8 1.1 20.3 75.9 
Cirratulidae 2.3 6.6 0.8 11.4 87.3 
 
 
(d) 
Groups Bahia Grande vs. South Bay       
Average dissimilarity = 85.76        
Average similarity = 14.24       
 
Species 
 
BG 
Av.Abund 
 
SB 
Av.Abund 
 
 
Av.Diss 
 
 
Diss/SD 
 
 
Contrib% 
 
 
Cum.% 
Spionidae sp.1 4.3 0.9 16.5 1.1 19.3 19.3 
Spionidae sp.2 0.1 3.3 14.5 1.1 16.9 36.1 
Nereidae 0.2 2.4 12.1 1.1 14.1 50.2 
Polydora 1.6 0.3 6.3 1.0 7.4 57.6 
Capitellidae 1.2 1.0 5.9 1.0 6.9 64.6 
Maldanidae sp.1 0.3 0.8 4.9 0.7 5.7 70.3 
Orbiniidae 1.1 0.4 4.6 0.9 5.4 75.7 
Scolelepis 0.4 0.8 4.4 0.7 5.1 80.8 
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(e) 
 
Groups Bahia Grande vs San Martin Lake       
Average dissimilarity = 73.67       
Average similarity = 26.33       
 
 
Species 
 
BG 
Av.Abund 
 
SM 
Av.Abund 
 
 
Av.Diss 
 
 
Diss/SD 
 
 
Contrib% 
 
 
Cum.% 
Capitellidae 1.2 3.8 13.4 1.1 18.3 18.3 
Spionidae sp.1 4.3 2.5 13.2 1.3 17.9 36.2 
Nereidae 0.2 2.2 12.2 1.0 16.5 52.7 
Cirratulidae 0.1 2.3 10.9 0.9 14.9 67.5 
Orbiniidae 1.1 1.4 7.4 0.8 10.0 77.6 
Polydora 1.6 0.6 5.4 0.9 7.3 84.9 
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(f) 
 
Groups South Bay vs San Martin Lake       
Average dissimilarity = 72.20       
Average similarity = 27.80       
 
 
Species 
 
SB 
Av.Abund 
 
SM 
Av.Abund 
 
 
Av.Diss 
 
 
Diss/SD 
 
 
Contrib% 
 
 
Cum.% 
Spionidae sp.2 3.3 0.0 12.1 1.2 16.7 16.7 
Capitellidae 1.0 3.6 11.5 1.3 15.9 32.7 
Spionidae sp.1 0.9 2.5 8.8 1.2 12.2 44.9 
Cirratulidae 0.5 2.3 8.5 0.9 11.8 56.8 
Nereidae 2.4 2.2 6.9 1.1 9.5 66.2 
Orbiniidae 0.4 1.4 4.9 0.8 6.9 73.1 
Maldanidae sp.1 0.8 0.1 3.7 0.6 5.1 78.2 
Ampharetidae 0.8 0.0 3.2 0.8 4.5 82.7 
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Table 9. Summary table of net ecosystem metabolism monthly averages and respective standard errors (SE) per site over entire 
sampling period expressed as g O2 m-2 d-1. Bahia Grande (BG), South Bay (SB), San Martin Lake (SM). 
 
Date BG BG (SE) SB SB (SE) SM SM (SE) 
12-Sep 
 
12-Oct 
-0.61 1.14 -1.51 1.23 -3.65 0.48 
x x x x x x 
 
12-Nov -1.45 0.87 x x -4.37 1.54 
 
12-Dec -7.12 1.22 -4.01 0.63 -3.49 0.89 
 
13-Jan -5.81 7.58 -3.03 1.39 x x 
 
13-Feb -6.79 3.13 x x x x 
 
13-Mar -5.81 0.94 -9.26 4.43 -0.60 1.57 
 
13-Apr -8.29 4.19 -8.22 1.28 -9.12 1.74 
 
13-May -24.58 4.79 -5.18 2.89 x x 
 
13-Jun -23.51 2.48 -14.44 1.31 -41.79 2.01 
 
13-Jul -21.11 0.68 -28.87 1.75 -32.92 2.53 
 
13-Aug -3.91 0.77 -11.21 4.61 -14.11 3.27 
 
Totals -9.91 2.53 -9.53 2.17 -13.76 1.75 
 
x = missing data 
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Figures 
 
 
Figure 1. Historical map depicting former contingency of wetlands prior to the construction of the Brownsville Ship Channel. 
Image modified from Dr. Jude Benavides and Anthony Reisinger, University of Texas at Brownsville. Location is found 
approximately within the coordinates 97°25'0''W - 97°10'00''W and 26°5'0''N - 26°0'00''N. 
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Figure 2. General location of study sites, Cameron County Texas, United States. Water bodies indicated in gray land masses in 
white. Highways are featured for general reference. 
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Figure 3.  PCA ordination of environmental variables contributing to dissimilarity between the study sites. Salinity explained 
40.2% of the variation in PC1 and dissolved oxygen explained 36.7% of the variation in PC2. 
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Figure 4. Dominance plot indicating percentage of community dominated by individual species. Polychaete abundances are 
log10 transformed. (see text for details). 
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Figure 5. 2-d MDS ordination of square-root transformed polychaete abundance over entire sampling period. Quarters 1-4 (Q1-
4), Bahia Grande (BG), South Bay (SB), and San Martin Lake (SM).  
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Figure 6. PERMDISP of Mean Distance-to-Centroid and ±SE bars spatial variation across the sites and quarters  
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Figure 7. PERMDISP of Mean Distance-to-Centroid and ±SE bars overall temporal variation across sites. 
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Figure 8. Random line graph extracted from typical profile representing general diel dissolved oxygen trends across sites 
corrected for diffusion. 
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Figure 9. Random line graph extracted from typical profiles representing 24hr rate of change dissolved oxygen curve plotted 
for August 8th-14th 2013. Solid line represents rate of change (R), dotted line represents rate of change corrected for wind 
diffusion (Rdc) 
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Figure 10. Average production, respiration and net ecosystem metabolism (NEM) rates and standard error bars for each site. 
Rates expressed as g O2 m-2 d-1.  Solid black bars=Bahia Grande, Diagonal stripes = South Bay, and vertical stripes = San 
Martin Lake 
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Figure 11. NEM line graph with ±SE bars across all sites for entire sampling period (September 2012-August2013).   
Erroneous data were excluded from the analysis. 
 
 
 
 
